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1. INTRODUCTION

The devices described have been specifically designed
for the digitization of film generated in high energy

physics experiments. These films are of two kinds:
(1} Spark Chamber Film

A spark chamber is a nuclear particle detector
consisting of several parallel metal plates. The
space between the plates is filled with a neon-
helium gas mixture. After a traversing particle
has been detected a short high voltage pulse is
applied which gives rise to sparks between the
plates in the regions where the gas has been
locally ionized by the passing charged particle.
A photograph is taken, recording the particle
trajectory. The spark images appear as small
dark areas on the transparent film. Figure 1A
shows the basic principle of operation and a

typical photograph produced.
(2) Bubble Chamber Film

A bubble chamber is basically a container filled
with, for instance, liquid hydrogen. Shortlybe-
fore a beam of nuclear particles arrives a pis-
ton or bellows suddenly enlarges the volume of
the chamber. The hydrogen then becomes super-
heated. Particles passing through the vapour
cause local boiling thus leaving a track of bub-
bles, which when photographed record the par-

ticle trajectories. Individual bubbles appear on

the film as dark dots with an approximate di-
ameter of one mil. In Figure 1B the principle

is explained and an example shown.

The two devices constructed to date are con~
nected on-line to an IBM 36¢/50 which controls
the digitizers and accepts data from the scanner
much like any other piece of peripheral equip-
ment. This allows their usage under the stand-
ard operating system provided by the manu-

facturer.
2. THE OVERALL SYSTEM

The overall system of film handling, filmm digitizing,
systems programming, and application programming
must be designed for a high volume of highly reliable
productivity. This is a production system, not a labor-
atory R and D tool. Digitizing the important areas of
three stereoviews of a bubble chamber exposure takes
about 20 seconds to 30 seconds. That is, one can digi-
tize between 120 and 180 stereo triads per hour. A stereo
pair of spark chamber photographs takes between 3 and
6 seconds, that is, one can process between 600 and
1200 pairs per hour. We expect to generate between

2 % 10G and 4 X 106 bubble chamber triads per year and
several million spark chamber pairs per year, All of

the film will not be processed on these digitizers but
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we shall nonetheless have to process a lot of film --
millions of photographs per year. We must ultimately be

able to run these systems around the clock.

We have chosen an overall design that emphasizes sim-
plicity and ease of integration into the System/360 hard-
ware and software. Figure 2 shows the configuration of
equipment that SLAC will have as its main computing fa-
cility in late 1967. The two film digitizers, Humming-
bird Iand Hummingbird II, will be integrated into the
operating system so that any device which it controls
can be addressed by a user program. No special oper-

ating systems are required.

Operationally the film digitizers will be used very much
like magnetic tape transports. An operator will load a
roll of film and the user may then address the unit. The
user's program is loaded in the normal batch process-
ing stream of jobs, or it may be entered from a console
when we get our time-sharing system going. The extent
to which we can time-slice the digitizing operation will

depend very much on the type of measuring we aredoing.
3. GENERAL DESCRIPTION

The spot on the face of a cathode ray tube is deflected in
a TV-type raster scan mode. The film may be accessed
in one or a number of randomly located rectangles. The
density of scanlines as well as a threshold setting on the
photomultiplier signal are specified by the program. The
pattern on the tube face thus produced is imaged onto the
film. The presence of dark areas onthe otherwise trans-
parent film is sensed by the photomultiplier upon which
digitization and subsequent transmittal of the coordinates
to the computer take place. Figure 3 is a functional
block diagram showing the interaction of the different

parts of the system.
4. THE SPOT GENERATOR

A cathode ray tube is used as a spot generator. The elec~
tron beam is magnetically focussed and deflected. High
resolution cathode ray tubes have a flat faceplate for
(optical) depth of field reasons. This produces two
effects that are to be corrected if the tube is used in a
precision measuring application where high resolution

is also of importance.

Firstly, the so-called pincushion distortion, caused by
the fact that on the face of a flat-faced tube the deflec-

tion is not linearly proportional to the current in the

deflection coils, must be corrected. A certain amount
of linearization, usually about 0.5%, may be obtained
either by circuitry or by the attachment of permanent
magnets or electromagnets to the tube. The residual

nonlinearities are then removed by calibration.

In the Hummingbird devices no hardware correction is
applied; all distortions are corrected for by calibration,
although provision is made for partial linearization by
means of electromagnets near the tube face if this proves
to be of advantage at a later date. It has been shown
that the differential in computer time to calibrate par-
tially corrected hardware and hardware with no correc-
tion at all is very small indeed. Shown in Figure 4 is

the calibration pattern used.

At present, spark chamber film is scanned in a distort-
ed coordinate system in which all local pattern recogni-
tion, such as the detection of sparks and fiducials, takes
place, Corrections are performed on the spark and fidu-
cial centers after these have been located and before
linkage into tracks is made. The required accuracy is
obtained by fitting a third-order polynomial.Calibration
takes place at approximately two-hour intervals to cor-
rect for nonlinearities and size changes, while longitu-
dinal and lateral adjustments (drift and film positioning

errors) are made on each frame measured.

Another byproduct of the flat—faced tube is deflection
defocussing. It is caused by a variation in the length of
the electron beam with deflection. In order to maintain
(electrical) focus over the entire screen, a correction
current in the focussing coil must be applied. It may be

shown that this correction should be of the form
2
Ifc = Kk (I;( * I?;)
An approximation of the form
ooy = K ([%] * 1%])

is generated in these devices, resulting in a spot size
smaller than 25 um over the total useful area of the

tube face.

The deflection coils of magnetically deflected CRT's
exhibit a small amount of hysteresis (0. 05%). This
effect is eliminated by approaching the rectangle to be

scanned always via the origin (0,0).



Instead of the commonly used P16, phosphor P24 is
used. This results in a better signal-to-noise ratio due
to the higher light output; also, the resolution of P24 is
notably better than that of P16. The longer persistence,
1 usec to decay to the 10% point, is said to limit the
scan speed. With proper electrical filtering, speeds of
up to 80 um/usec with reasonable resolution have been

obtained with this phosphor.

The use of cathode ray tubes in precision measuring
applications implies frequent calibration. The more
stable the hardware, the fewer calibrations are neces-
sary. By keeping the CRT deflection hardware to a min-
imum, but of high quality, a high degree of stability is
obtained. The deflection amplifiers are dc-coupled and

differential throughout.

Variations in the accelerating high voltage show as size
changes. Since the deflection is proportional to the
square root of this voltage, a regulation of 0. 01% at 27
kV insures stability of 3.5 um over a 3 X 3-square-

inch area.
5. CONTROL AND DATA TRANSFER

At the present time the devices are connected on-line to
an IBM 360/50. This machine has a word size of 32 bits
and has 64K words of core. In addition to the usual array
of peripherals, a display oscilloscope with lightpen is
available, which has proven extremely valuable for hard-
ware and program debugging as well as for the interpre-
tation and selection of data. The scanner may also be
controlled by the operator at set-up time by means of
the display and lightpen. The actual connection between
the scanners and the selector channel of the 360/50 is
made through a 2701 with parallel data adapter. It en-
ables a two-way communication very much like the
direct data connection on the IBM 7090 series machines.
The transfer of data occurs in 16-bit words. The speed
of transfer as determined by the channel is one byte/
usec. Orders to the scanners are given through the exe-
cution of write instructions, while data is transferred

into the core during the execution of read instructions.
A total of seven orders to the scanners has been imple-
mented. Scanner dataword format:

0 4 15
L1 [

Device I or Ilis addressed by the presence or absence
of a 1 in bit position 0. Bit positions 1,2 and 3 have the
order code; 4 through 15 contain data.

Orders to the scanner:
CLR (0) Resets all registers internal to the scanner.

YS (1) Loads the first line to be scanned by pre-
setting the Y-counter with the contents of

bits 4-15.

The last line to be scanned, in bits 4-15, is
moved into the YF-register, A comparator
detects identity, upon which an end of record
signal sent to the computer signifies the end

of an area or subarea scan.

XS (3) No X-coordinates larger than the value in

bits 4-~15 are transmitted.

XF  (4) No X-coordinates larger than the value in

bits 4-15 are transmitted.

MF  (5) Moves film the number of increments indicated
in bits 4-15. One hundred steps move a whole

35 mm frame.

MISC (6) Bit positions 10 and 11 contain scanline den-
gity information. Bits 5,6,7 and 8 identify

one of sixteen threshold settings for the photo-
multiplier. Bit 15 indicates normal or orthog-

onal scan direction.
NOOP (7) Not used at present.

A change from a write to a read operation commences
the scan. Before the start of a scanline its coordinate
is transmitted, followed by the bits or X-values on that
scanline. Scanlines are separated by the transmittal of

a word containing zeros.

Completion of the scan of a frame or subarea is indi-
cated by an end of record signal. At the end of a roll of
film an end of file signal is transmitted. The latter may
also be sent manually by an operator to signify an ab-
normal job ending, thus freeing the channel. The channel
is open during the entire scan, but not during the trans-
porting of film. After the film movement has been com-
pleted, an attention interrupt is sent which is interpre-

ted by the program as a readiness for the next scan.



6. SCANNING AND DIGITIZATION

The scanner initialized as described previously starts to
scan the film when a read instruction is being executed

by the program.

A linear sweep moves the spot along a scanline. Con-
currently with the sweep, a crystal controlled clock
feeds into the X-counter. The contents of this X~counter
represent the position of the spotalong a scanlineat any

given time.

The spot, swept over the film, produces signals at the
output of the photomultiplier, which are then filtered.
Figure 5 shows these signals and a detail before and
after filtering. In this case bubble chamber film is
scanned. The center of the pulses is determined by
means of a delay line track center circuit and a track
center pulse is generated. This pulse, after synchron-
ization with the master clock, causes the contents of the
X-counter to be jam transferred into the output register,
if the X-value lies between XS and XF, for subsequent

transmittal,

At the end of a scanline the Y-counter is advanced. Its
content is converted into an analog voltage for deflec-
tion in the Y-direction. The coordinates from the output
register are transmitted directly. This limits the
"digital” resolution because of the relatively low channel
rate. A pushdown register is now being built to improve

this resolution by averaging the burst rate.
7. THE FILM TRANSPORT MECHANISM

The film is moved and positioned by a stepping motor on
both machines. Two motors on the same axes as the reels
reels are constantly under power, keeping the film taut,
Idlers on swinging arms with a spring arrangement pro-
vide some buffering. Due to the relatively slow film
movement, no vacuum loops or servicing of the idler
arms are necessary. One frame of 35-mm sprocketed
film is moved in 0.4 second and is positioned to an
accuracy of £0.1 mm (non-accumulative). For rewind,
the film is taken off the sprockets and put on two idlers
external of the normal film path. This arrangement is
perfectly satisfactory for spark chamber film that is

not prescanned and where each frame is to be measured.
A faster film transport, having vacuum columns for

film buffering, is under construction and will be attached

to Hummingbird II.

8. PERFORMANCE

Although the same basic principles underlie both Hum-
mingbird I and II, some of the more significant differ-

ences are shown in Table 1.

The precision of CRT devices is not a function of linear-
ity but of stability, i.e., repeatability. Most of thetests
to date have been performed on Hummingbird I, which
has a least count of 1 in 4096. In order to gain more
knowledge of the behavior of CRT devices on the micron
level, a smaller least count is mandatory. In Humming-
bird II this is now available. The calibration pattern
shown in Figure 4 has been used extensively in testing
the repeatability and hysteresis of the machine. The
positions of the two vertical bars near the center are
measured repeatedly over long periods of time. Their
position in X does not drift more than 0.1 least count/
hour. The variations in size have been computed to be

smaller than 0. 02% /hour.

Repeated accessing of one of the 54 crosses in a ran-
dom manner produces calculated cross centers that are
repeatable to better than 3 ym in both X and Y.

No quantitative measurement of the spot size has been
made. To illustrate the resolution, however, an area
measuring ~ 5 X 10 mm2 of bubble chamber film is
shown in Figure 6 with the playback from the Humming-
bird.

This, along with the evidence of stability, makes the
use of Hummingbird devices for the scanning and meas -

uring of bubble chamber film appear promising.



TABLE I

Comparison of Differences Between

Hummingbird I and Hummingbird IT

Hummingbird I

Hummingbird II

Cathode ray tube with P24 5 7

Least counts along one scanline 212 214
Scanline densities 1024 /512 4096/2048 /1024
Threshold on photomultiplier 16 levels 16 levels
Normal/orthogonal scan no yes
Crystal controlled clock 2 Mc/sec 8 Mc/sec
Time per scanline ~2 msec ~Z msec
Scan speed on CRT 36 u/usec 30 u/usec
Scan speed on film 18 u/usec 30 u usec
Optics 2:1 1.1
Digital resolution (no buffering) 36 um 60 pm

Film Transport (stepping motor)

Film size

~ .4 sec/frame

35 mm

. 4 sec/104 mm frame

35 and 70 mm
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MODEL 751
CENTRAL PROCESSOR

524,288 BYTES OF .75

psec MAIN MEMORY

2860 2870
SELECTOR MULTIPLEXOR
CHANNELS CHANNELS
TAPE DRIVES
OHORO
TCU
SELECTOR SUBCHANNEL
2301 2820 1 2403 -5 124021 124021
DRUM ORUM CHANNEL L5 2
STORAGE CONTROL 1 SELECTOR
TCU —
SUBCHANNEL
2 2403-5
SELECTOR
SUBCHANNEL 2840-1 2250-2
17213 SELECTOR
2314 1 DISPLAY DISPLAYS
4516 DISK CHANNEL CONTROL WITH
BOARD
8 | X | STORAGE , MULTI- KEYBOARDS
PLEXOR
CHANNEL 2501
CARD READER
1052 |TYPEWRITER
2860 2150
SELECTOR OPERATORS
CHANNELS 1 CONSOLE
-
2821-5
2701 SELECTOR UNIT 2540-N)
ON-LINE DATAw |NTER- CHANNEL RECORD CARD READER/PUNCH
FACE 1 CONTROL
2701 SELECTOR
ON-LINE DATA=$| |NTER- CHANNEL PRINTERS
FACE 2
2821-5
SELECTOR UNIT
2841 CHANNEL RECORD
STORAGE 3 CONTROL
CONTROL
PRINTER
2848-3
DISPLAY
CONTROL 2702
TERMINAL
CONTROL
§ 2260 72742
DISPLAY CONSOLES 15 2741
TERMINAL TYPEWRITERS
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FIGURE 2--SLAC COMPUTING FACILITY CONFIGURATION IN DECEMBER 1967
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FIGURE 3--BLOCK DIAGRAM

K=xX X X

X X
XX
A X
X
XX

XX

FIGURE 4--CALIBRATION PATTERN

XXX XX X
XXX X X X

74685



Y- S

. memamessevs Osusm e

— v
- o u e cmm mmes aNuss ¢ 3 s ES
e cmmw esacem sewa e - . Sy
o me » m—— e m—tn s mvo mwme AR

. R - —
- — T, gm e w e

B .

. . P T T TR
,
[ T N IR R TR

[

b ke

THEEHB RN ll|'ll| CRUTUR LT DT

why O

AL SIRHADHE A e
[

4

I
] " 1
LA T 'l"l"lIHIUIH"HNNHHI l"“"lﬂ"’ VIN‘P'““N""".“
Ll t

1
4 i

[
"

[ "
Pony guonr ¢
L T T T I R T T TR TTH) ll"l!lllﬂlI'H"DHIII“I"“"" i mHunn by HytHie
+ ' "
f '
" f
O NI S g e o lm'ln':m R U L L R I N iR LT
¢ Al +
LR L L L T TRyt [T A U TR R TITTTTINT g,,"'plm.‘ ""’I"‘vlm H ot ull N g e
Ll -
" ' Ty
N TR R I T T e ) [XINANIY} AL ENT] lm"n‘l T m|u HHE e
offgen antmnin ionie vy piR
L U T I U R B TR T TR TR YT ) wie e Mie “uu"u |' [T R IR R I X1

"
“"."

WO e m:;‘o.m"l R L L e
ittt h
L

"
i
ot

74686

2
FIGURE 6--5 X 10 mm~ BUBBLE CHAMBER FILM AND PLAYBACK



